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INTRODUCTION 
The Aeronomy Laboratory Fie ld  S ta t ion  of the University of I l l i n o i s  a t  
Urbana contains th ree  d i f f e r e n t  radar systems capable of probing various re- 
gions of the  atmosphere below about 100 Iw. These a re  an MST radar,  a VHF 
meteor radar  and an MF par t i a l - r e f l ec t ion  radar.  A l l  three  radars  can measure 
winds and waves i n  the ionospheric D region. The MST radar is, i n  addit ion,  
capable of probing the  lower s t ra tosphere  and upper troposphere. A sodium 
(Na) LIDAR i s  a l so  located a t  the Fie ld  S ta t ion  and provides an addi t ional  way 
of studying winds and waves i n  the mesosphere by observing temporal va r i a t ions  
i n  the sodium densi ty  p ro f i l e .  
The MST radar  and the meteor radar  use the  same powerful 41-MHz transmit- 
ger, but separate  antennas and receivers.  No provisions have been made t o  
s p l i t  the power between the MST and the meteor-radar antennas, so the two sys- 
t e n s  cannot be run simultaneously. Howwer, in ter laced runs can be made i n  
order t o  compare winds observed by the  two systans. 
The pa r t i a l - r e f l ec t ion  radar  uses a separate t ransmit ter ,  antennas and re- 
ce iving systan and can be run simultaneously with any of the other experiments. 
Recently, data co l l ec t ion  and analys is  have been sh i f t ed  from a s ingle  
PDP-15 minicomputer t o  a s e r i e s  of 8-bit microcomputers allowing much f l ex ib i -  
l i t y  on simultaneous runs. I t  should be noted, however, t h a t  the LIDAR canngt 
run simultaneously with the 41-MHz radars  because of strong electromagnetic 
in te r f  erence. 
* 
The three  radars  w i l l  be described separately,  and the emphasis w i l l  be 
placed on recent upgrading of the d i f fe ren t  systems. A summary of the 'radar. 
parameters i s  given i n  Table 1. 
MST RADAR 
The c a p a b i l i t i e s  and l imi ta t ions  of the Urbana MST radar  have been de- 
scribes by ROYRVIK and GOSS (1983) and only a short  review of the general  de- 
sign w i l l  be given here. The radar operates a t  40.92 H z  i n  a b i s t a t i c  mode 
with an antenna array consis t ing of 1008 phased dipoles. The radar present ly  
uses a pulse r e p e t i t i o n  frequency of 400 Hz. Coherent in teg ra t ion  of the re- 
ceived s igna l*  i s  performed giving one coherent sample w e r y  118 sec. Autocor- 
r e l a t i o n  funct ions  a r e  ca lcula ted on l i n e ,  and incoherently in tegrated fo r  one 
minute and s tared f o r  l a t e r  processing. Twenty range gates  a r e  sampled with a 
range separation of 1.5 lan, spanning an a l t i t u d e  range of 30 km. By using two 
separate  data-collecting microcomputers i t  i s  possible t o  obtaine data  from 
both the stratosphere/troposphere and the mesosphere regions simultaneously. 
The antenna i s  located on ground t h a t  slopes t o  the southeast by 1.5', and 
the  on-axis antenna beam d i rec t ion  i s  off -ver t ica l  by the same amount. 
Line-of-sight Doppler v e l o c i t i e s  a r e  ca lcula ted from the autocorre la t ion 
function,  along with estimates of the s ignal  co r re la t ion  time and the  sca t t e red  
power. Because of the known r e l a t i o n  between horizontal  and v e r t i c a l  osc i l l a -  
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Table 1. Parameters of the  Urbana radar  systems. 
Radar frequency 
Peak power 
Pulse width 
Pulse r e p e t i t i o n  
frequency 
Receiver system 
bandwidth 
Antenna 
tr an smit t lng 
receiving 
EST Meteor Radar P a r t i a l  Reflection 
40.92 MHz 40.92 MHz 2.66 MHz 
1 (3) MW 1 (3) MU 50 kW 
20 w 20 ?-is 23 IJS 
400 Hz 400 Hz 200 Hz 
100 kEz 100 kHz 40 kEz 
1008 dipoles 24 dipoles  . 60 dipoles  
1008 dipoles 13 element yagis  (4) 9 dipoles (4) 
t i ons  i n  i n t e r n a l  gravi ty  waves, we can i n t e r p r e t  short- and long-period 
o s c i l l a t i o n s  i n  the line-of-sight ve loc i ty  a s  r e su l t ing  from v e r t i c a l  and 
hor izonta l  wind v e l o c i t i e s ,  respectively (ROYRVIK and GOSS, 1983). 
During the  l a s t  year several  upgrading projects  of the MST radar have bee? 
undertaken; these w i l l  be described i n  the r e s t  of t h i s  section. '7 
(a )  Transmitter I 
A continuous refurbishing and upgrading of the 41-MEz t ransmit ter  has re- 
su l t ed  i n  a .substant ia1  improvement i n  peak transmitted power from a previous 
value of 0.7 MW t o  3 MW a t  the present time. 
A frequency-hopping technique i s  being invest igated t o  increase the range 
reso lu t ion  of the radar ,  A s e r i e s  of pulses  w i l l  be transmitted,  each pulse 
with a d i f f e r e n t  radio  frequency which i s  under the control  of an Apple. I1 
microcomputer. By comparing phase di f ferences  between the d i f f e r e n t  pulses i n  
the  sequence, it i s  poss ible  t o  obta in  an es t imate  of the locat ion of the 
s c a t t e r e r  wi thin  the volume determined by the  pulse length. This approach i s  
s i m i l a r a i n  nature  t o  the l i n e a r  FM technique, but does not require  the exten- 
s i v e  hardware modifications necessary t o  implement a chirp-radar or a more con- 
ventional pul se-coding technique. 
(b) Antenna 
The transmit/receive antenna consis ts  of s i x  separately fed groups of di- 
poles (Figure 1). Because of the sloping ground and the  o r i en ta t ion  of the an- 
tenna, it i s  poss ible  t o  phase the individual  groups so t h a t  the antenna beam i s  
pointing 2.5' of f -ve r t i ca l  i n  the south and e a s t  directions.  A t  the present 
t h i s  s t ee r ing  i s  done by manually inserting d i f fe ren t  lengths of cable i n  the 
feed l i n e s  t o  the d i f fe ren t  groups. This operation takes about 5 minutes and 
i s  impract ica l  for  day-to-day operation. Ef fo r t  i s  underway, however, t o  im- 
pleaent an electromechanical switching arrangement so t h a t  the  antenna bean can 
be switched i n  about one second between the four  posi t ions  2.5O t o  the  eas t ,  
1.5" t o  the southeast ,  2.5" t o  the south, and v e r t i c a l .  With the use of t h i s  
3ffEGiNki PFi;: *>. 
.r.C L'>.i 
OF POOR QUALITY 
Figure 1. Schematic diagran of the t!ST radar  antenna. 
antenna beau-switching capab i l i ty ,  it w i l l  be poss ib le  t o  ob ta in  es t imates  of 
both the  zonal and meridional long-period wind osc i l l a t ions .  The e f f e c t i v e  
l o s s  of powell due t o  time sharing between the  antenna pos i t ions  w i l l  be more 
, : than made up f o r  by the  increase  i n  t ransmit ted  power from 750 kW t o  3 MW peak. 
( c )  Computer 
- 
Apple I1 microcomputers have replaced the  PDP-15 a s  the  major data-collec- 
- - -  --  -JLI t i o n  instrument. The two channels of the complex s ignal  ( s in ,  cos) i s  present- 
ly  sampled on a l t e r n a t e  t ransmit ted  pulses. A f a s t  processor card i s  being 
- 
incorporated i n t o  the microcomputer so t h a t  both channels of the  complex s igna l  
can be sampled simultaneously. This improvement e f f e c t i v e l y  increases  the  
power of the  radar  by a f a c t o r  of two. 
A project  i s  a l so  underway t o  i n t e r f a c e  a f a s t  coherent-integrator with 1 
u s  sample r a t e  t o  the  Apple allowing f o r  b e t t e r  height resolution.  With the 
t ransmit ter  capable of 2 us pulses,  the  e f f e c t i v e  height r e so lu t ion  w i l l  be 
about 300 m. 
( d l  Transmit/Receive switch 
A new T/R switch has been designed f o r  the MST radar  t o  allow probing of 
the  troposphere a t  lower a l t i t u d e s .  Tests performed with one of the  four  gas 
tubes present ly  used, replaced by a PIN diode switch, have shown an improve- 
ment, indica t ing t h a t  with a l l  four tubes replaced the radar  w i l l  be able  t o  
ob ta in  echoes a s  low as  4 km. 
MeTEOR RADAR 
The Urbana meteor r ada r  (HESS and GELLER, 1976) i s  a very sens i t ive  too l  
fo r  studying winds and waves i n  the region of meteor p rec ip i t a t ion  from about 
80- t o  110-km a l t i t u d e ;  it uses the powerful 41-MHz t ransmit ter  a lso  used f o r  
the MST radar.  Separate t ransmit t ing and receiving antennas a r e  used. The 
t ransmit t ing antenna consis ts  of two rows of center-fed full-wavelength dipoles.  
Each row contains twelve elements giving an e l l i p t i c  antenna pattern.  The ele- 
ments a r e  phased so t h a t  the antenna beam d i rec t ion  i s  a t  an e levat ion of 45' i n  
the  geographic north d i rec t ion  (HBss and GELLER, 1976). The e f fec t ive  east-  
west bean width i n  the meteor region i s  approximately 15'. The receiving an- 
tennas used i n  an interferometer mode t o  determine the azimuth and e levat ion 
angle of the r e f l ec ted  radar s ignal  ( ~ i g u r e  2). Doppler s h i f t ,  range, and 
phase di f ferences  between the receiving antennas give line-of-sight ve loc i ty  
a s  we l l  a s  the  locat ion i n  space of the sca t t e r ing  meteor t r a i l .  
Meridional and zonal winds can be calcula ted from mul t ip le  meteor echoes 
i f  it i s  assumed t h a t  the wind i s  the same everywhere within the  radar  volumes 
which a r e  l imi ted by the antenna bean width and the e f fec t ive  a l t i t u d e  range 
gates .  A recent  t e s t  of the meteor-radar system has shown t h a t  the line-of- 
s igh t  ve loc i ty  and range can be measured with an accuracy of about 0.2 m / s  and 
500 k, respectively.  However, the accuracy with which the e levat ion angle can 
be measured i s  q u i t e  poor, making the  a l t i t u d e  ca l ib ra t ion  of the wind p r o f i l e  
somewhat unreliable.  Two independent phenomena appear t o  contr ibute  t o  the 
problem. F i r s t ,  mutual coupling between the  receiving antennas appears t o  dis-  
t o r t  the r e l a t ionsh ip  between the measured phase difference and the d i rec t ion  of 
a r r i v a l  of the meteor echo. Meteor echoes a t  greater  d is tances  from the radar 
appear t o  occur a t  lower a l t i tudes .  Second, due t o  unknown phase di f ferences  
, 
i n  the receiving channels, the  absolute ca l ib ra t ion  of the wind p r o f i l e  i s  
present ly  done by f i t t i n g  the peak of the meteor number p r o f i l e  t o  92 km. This 
procedure i s  suspect since it i s  known t h a t  the mean a l t i t u d e  of the ionized 
t r a i l  depends on the meteor ve loc i ty  t h a t  changes a s  a function of season. Fbr 
instance,  the high-velocity Perseids meteors burn up before they reach an a l t i -  
tude of 100 km. 
Figure 2. Keteor radar receiving antenna posit ioning. 
